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Although the  chemical structure  of  the fuel influences  its   ignit-
ability,   typical  spark energies  required for this  engine are  considerably
greater  than the  theoretical minimum ignition energy.     The  influence of
fuel  chemical properties  on ignition is,   consequently,   relatively insig-
nificant  in practice.

The  problem of  unreliable  spark  ignition that has  sometimes  been ob-
served with this  type  of  engine cannot  be attributed entirely to the
properties  of  the  fuel.     The  degradation in performance  of  the  fuel-
injection and spark-ignition systems  and the difficulties  encountered
in operating over wide  ranges  of  engine  speed and  load are more  likely
causes.     Since all portions  of  the fuel-air mixture are burned essen-
tially as  soon as  they  are  formed,   no end  gas  region  exists  and  the
engine has  no octane requirement.     Since a high-energy  spark minimizes
ignition delay,   the  engine has  no  cetane  requirement.     Other fuel
property  requirements  are  about  the  same as for the  diesel engine.

Open-Cycle Gas  Turbine

The open-cycle  gas  turbine has no octane or cetane requirements.     It
can use  a wide  range  of  fuels;   the  only essential  requirement  is  that
the fuel flow adequately at  the  lowest  temperature encountered in ser-
vice.     Since a  relatively  long  time  is  available  for  ignition at  start-up
(far more  than that  available during each cycle of  a  diesel  or  spark-
ignition engine),   fuel  volatility  is  relatively unimportant.

The  gas  turbine can also  tolerate  significantly higher quantities
of  impurities   (e.g.,   nitrogen,   sulfur,   and ash)  than those in current
automotive  fuels and still  operate within the constraints  of  exhaust
emission  standards,   although higher  contents  of heavy metals  could  in-
crease corrosion.

Fuels  with  a high aromatic  content would cause higher  combustor  skin
temperatures   (because   of  the  increased  radiation from the flame) as well
as  increased  soot  and   smoke  formation,   but  these problems  can be solved
by redesigning  the combustor.

External  Combustion Engines:
Stirling,  Rankine,  and Closed-Cycle Gas Turbine Engines

These continuous-combustion  engines   should be able to burn any  liquid
hydrocarbon fuel that  can flow adequately at the  lowest  temperature  en-
countered in service.

SURVEY  ON  COMPATIBILITY  OF FUTURE AUTOMOTIVE FUELS AND ENGINES

To obtain some  insight  into  the problem of matching  fuels  to  engines,
letters  were  sent  to  a representative  group of  experts  in automotive and